In this study, we report standard quartz SAR OSL and post-IR infrared (IR) stimulated 10 luminescence (post-IR IRSL; pIRIR290) measurements made on sand-sized quartz 11 and K-feldspar extracts from the loess-palaeosol sequence at Niuyangzigou in 12 northeastern China. The quartz OSL characteristics are satisfactory. Extensive 13 pIRIR50,290 dose recovery tests were performed by adding doses on top of the natural 14 dose. We found that dose recovery ratios improve significantly when the test dose 15 ranges between ~15 and ~80% of the total dose, and good dose recovery (within ±5% 16 of unity) can be obtained up to ~800 Gy. Otherwise, the dose recovery ratio deviates 17 from unity. The De values also depend on the test dose size so we conclude that the 18 effect of test dose size should be routinely considered in pIRIR dating. Hemisphere westerly circulation (Liu & Ding, 1998) . However, research into loess 52 deposition and past climate change in northeastern China is limited due to the lack of 53 independent age control (i.e. radiometric dating). 54 The infrared stimulated luminescence (IRSL) signal from feldspar (Hütt et al.1988 ) 64 The environmental dose rate was calculated from the uranium, thorium and 155 potassium concentrations, measured by neutron activation analysis (NAA). The in 156 situ water content (mass of moisture/dry mass) was determined by weighing the 157 sample before and after drying, and was assigned an absolute uncertainty of ±5% 158 (e.g. for a water content of 10% we have used (10±5)%). Using the revised dose rate 159 conversion factors of Guérin et al. (2011) and water content attenuation factors 160 (Aitken 1985) , the elemental concentrations were converted into effective dose rate. 161
Calculation of the cosmic dose rate is based on Prescott & Hutton (1994 180 °C to at least 260 °C (Fig. 2C) . The suitability of our adopted SAR protocol was 182 further checked with a dose recovery test (Murray & Wintle 2003) . The ratios of the 183 given doses to the measured doses were within 10% of unity over the entire 184 temperature interval (Fig. 2D) . Based on these preheat tests, a 260 °C preheat for 10 185 s and 220 °C cut-heat was chosen for final De determination. For all samples, 186 recuperation is low (average = 0.06±0.01% of natural, n = 245) and the average 187 recycling ratio is 1.01±0.01 (n = 233) indicating that the adopted SAR protocol 188 successfully corrects for laboratory sensitivity changes. 189 respectively. This extended feldspar range indicates its usefulness for dating samples 225 beyond the quartz OSL limit. 226 227 One of the main assumptions when using the SAR protocol to measure a dose is 228 that the test dose luminescence sensitivity is directly proportional to the preceding 229 regenerative dose; i.e. it can correct for sensitivity changes . 230
We have constructed Lx-Tx plots for the pIRIR290 signal for five samples down our shows the dose recovery ratio as a function of test dose size over a wide test dose 264 range (5-260% of the total (natural+added) dose). For small test doses (<15%), the 265 dose recovery ratio is significantly greater than unity. In contrast, large test doses 266 (>80%) yield ratios lower than unity. The best dose recovery ratios (within ±5% of 267 unity) are found when the test dose ranges between ~15 and ~80% of the total dose. 268
The data of ratio versus test dose curve (Fig. 4A) tended to use relatively small test doses, in this experiment we use both a large (500 356
Gy, approximately equal to D0) and a small (50-60 Gy) test dose. 357
The results obtained using a 500 Gy test dose are discussed first (Fig. 7A) well-bleached at deposition but for which the IR50 signal is significantly unstable 402 compared to pIRIR290 (Buylaert et al. 2013 ). This result is not surprising given the 403 prolonged and almost ideal light-exposure received by wind-blown dust before final 404 deposition. Note that this relationship does not arise because of a dose-dependent 405 change in initial sensitivity of the IRSL signals (see Fig. S1 ). Although the scatter in 406 the quartz and pIRIR age relationship is larger, the data are consistent with the fitted 407 curve and there is again no evidence for pIRIR290 outliers at larger ages. respectively. In both cases this residual appears to be consistent with a constant (or 455 very difficult to bleach) dose after a bleaching time of ~300 h. In our view it is likely 456 that these apparently constant difficult-to-bleach signals were present in these 457 samples at the time of deposition and accordingly a pIRIR290 residual dose of 6.2±0.7 458
Gy has been subtracted from all measured De values used to calculate the pIRIR290 459 ages given in Table 1 . 460 uncertainties. There may be a discontinuity above 1.2 m where the feldspar age 478 drops from 59±3 to 44±3 ka, and another between 0.8 m (43±2 ka) and 0.6 m (32±2 479 ka). However, the spatial resolution of the data is insufficient to be confident of these 480 breaks and we confine ourselves to calculating the average sedimentation rate for the 481 non-finite feldspar age, the signal resulting from a low first-IR stimulation temperature 503 in a pIRIR290 protocol only results in a sensitivity corrected luminescence signal ~5% 504 lower than that resulting from a high first-IR stimulation temperature; contrast this with 505 the ~21% underestimate at low MET-temperatures. It appears that this underestimate 506 is at least in part an artefact of variation in dose recovery with stimulation temperature. 507
Nevertheless, both methods suggest the presence of some instability (~10% signal 508 loss) at field saturation even at the highest (first IR) stimulation temperature (Fig. 7) . 509 510 Finally, we have investigated the relative bleaching characteristics of quartz OSL 511 and the IR50 and pIRIR290 feldspar signals and confirmed that quartz OSL bleaches 512 considerably more rapidly than feldspar, reaching <10% of its initial value when IR50 513 has only lost <50% and pIRIR290 <20%. These data support the suggestion that the 514 ratios of the three signals can be used as indicators of the degree of bleaching of the 515 more sensitive signals. Our pIRIR290 data are also consistent with an unbleachable 516 residual signal (equivalent to 6.2±0.7 Gy) underlying an exponentially bleached 517 signal. 518 519 At this site, quartz OSL and pIRIR290 ages are in agreement back to ~70 ka. For 520 older sediments we deduce that quartz increasingly underestimates the deposition 521 age. Based on our preferred ages we conclude that sedimentation rates increased 522 rapidly during the Last Glacial, peaking at MIS 4 (~60 ka) at 0. 
